Introduction:
Esthetic dental treatments are among the most common reasons of dental visits.
(1) Many patients seek esthetic dental treatments for discolored teeth since tooth discoloration may negatively affect their confidence and the quality of life. (1) (2) (3) Enamel microabrasion is a commonly used technique for the complete resolution or improvement of superficial tooth discolorations. (4) McCloskey was the first to report the resolution of superficial discolorations due to fluorosis after rubbing 18% hydrochloric acid (HCl) on the tooth surface. (5) Ted Croll modified this technique and used a mixture of pumice powder and HCl, and called it microabrasion. (6) In enamel microabrasion, the enamel surface is dissolved by acid, and superficial stains and impurities are removed by abrasive pumice powder. Over time, Croll made some other modifications to this technique, and decreased the concentration of acid to 11%. He also increased the abrasiveness of pumice by adding silicon carbide particles. (7) In 2005, the resin infiltration technique was introduced by Paris and Meyer to prevent the progression of white spot lesions (WSLs). In this technique, 15% HCl is used for 120 seconds to cause superficial erosion, and then, a hydrophobic infiltrant resin with a high penetration coefficient is applied to the surface in order to seal the eroded area. (8, (9) (10) (11) (12) (13) (14) (15) (16) (17) Several studies have assessed the efficacy of this method for treatment of tooth discoloration. (10) (11) (12) 16) Gugnani et al demonstrated the success of treatment of WSLs and fluorosed teeth with the resin infiltration technique. (10) Munoz et al also showed that the resin infiltration technique could be used as a minimally invasive technique for treatment of tooth discoloration due to mild-moderate fluorosis and hypoplasia. (11) Resin infiltration is a more effective treatment for masking WSLs in comparison with traditional fluoride treatments. The effect of masking of WSLs has certain correlations with the degree of demineralization and the activity of the lesion. (18) Considering the high cost of 15% HCl (IconEtch®, DMG, USA) and its scarcity in Iran as well as the availability of 18% HCl (domestically manufactured by Kimia, Iran), we sought to compare the enamel erosion following the application of 15% and 18% HCl gels after different application times.
Materials and Methods:
In this experimental study, 60 extracted human anterior teeth were collected and cleaned from debris and soft tissue residues by using gauze and #12 surgical scalpel (3M Health Care, Pakistan). The teeth were extracted because of severe periodontal diseases. The soundness of the enamel was ensured microscopically (Stemi SV 11; Carl Zeiss, Oberkochen, Germany), and the teeth were evaluated at ×30 magnification for the absence of cracks, caries, and hypocalcification. The teeth were immersed in 0.2% thymol solution for 48 hours, and were then transferred to distilled water. The roots were cut at the cementoenamel junction (CEJ) by using a diamond disc (D&Z, Germany) and a high-speed handpiece. Buccal surfaces of the teeth were evaluated in terms of smoothness, and 60 enamel surfaces measuring 3×3 mm were cut out. The specimens were coded and divided into six groups of 10 (G1-G6) by simple randomization:
G1: Buccal surfaces of the specimens were subjected to 15% HCl gel (Icon-Etch®, DMG, USA) for 75 seconds according to the manufacturer's instructions. The specimens were then rinsed with water spray for 30 seconds and were air-dried by using an air spray.
G2: The enamel specimens in this group were subjected to 15% HCl gel for 90 seconds according to the manufacturer's instructions.
G3: The enamel specimens in this group were subjected to 15% HCl gel for 120 seconds according to the manufacturer's instructions.
G4: The enamel specimens in this group were subjected to 18% HCl gel (Kimia, Iran) for 75 seconds according to the manufacturer's instructions.
G5: The enamel specimens in this group were subjected to 18% HCl gel for 90 seconds according to the manufacturer's instructions.
G6: The enamel specimens in this group were subjected to 18% HCl gel for 120 seconds ac- 16 cording to the manufacturer's instructions. The specimens in G2-G6 were washed and dried following the application of the acidic gels the same as in G1.
After the acid application process, the specimens were gold coated and were evaluated under a scanning electron microscope (SEM; VEGA II, TESCAN, 510-SEM-01, Czech Republic). The depth of enamel erosion was recorded in microns (μm), and the mean depth of enamel erosion in each group was calculated. Figures 1 and 2 show the erosion depth following the application of the two acids for 90 and 120 seconds. The depth of erosion was measured by estimating the distance between two parallel lines, namely the sound enamel surface and the etched surface. The distance between the mentioned two parallel lines was measured by using a computer software (VEGA II, TESCAN, 510-SEM-01, Czech Republic). Data were analyzed by using SPSS 23 software (IBM Co., Chicago, IL, USA) and by one-way analysis of variance (ANOVA) and Tukey's post-hoc honest significant difference (HSD) test with a 95% confidence interval.
Results:
The mean and standard deviation (SD) of the erosion depth in G1, G2, and G3 were 22.88±1.95µm, 27.01±4.35µm, and 33.65±7.94µm, respectively, while the mean and SD of the erosion depth in G4, G5, and G6 were 31.44±2.56µm, 49.49±17.83µm, and 54.17±11.31µm, respectively. The ANO-VA showed that the depths of erosion in G1, G2, and G3 were significantly different (P=0.03); it also showed that the depths of erosion in G4, G5, and G6 were significantly different (P=0.03).The Tukey's post-hoc HSD test showed that the erosion depth in 18% HCl groups was greater than that in 15% HCl groups after the same application times (P=0.005). The greatest depth of erosion was 54.17µm, and it was seen in G6 (18% HCl, 120 seconds). The erosion depths in the application of 15% HCl for 120 seconds (G3) and 18% HCl for 75 seconds (G4) had no significant difference (P=0.09; Table 1 ). The application of 18% HCl for 75 seconds caused less erosion than the application of 18% HCl for 90 and 120 seconds (P=0.03). The application of 15% HCl for 75 seconds caused less erosion than the use of 15% HCl for 90 and 120 seconds (P=0.03). Figure 3 shows the depth of enamel erosion in the six groups. In the current study, the pattern of etching was also evaluated in addition to the measurement of the depth of erosion caused by the acids. Figure 4 shows the etching pattern caused by the two acids after 90 seconds of application. The etched pattern caused by 18% HCl was more prominent than that caused by 15% HCl with the same application times. Enamel removal by 15% HCl was more uniform and regular and resulted in less erosion, while 18% HCl caused a non-homogenous and irregular enamel etching, and the demineralization was greater around enamel rods, and consequently, the erosion was deeper.
Discussion:
This study assessed the enamel erosion caused by 15% and 18% HCl gels after different application times and showed that 18% HCl applied for 75 seconds had an effect similar to that of 15% HCl applied for 120 seconds, and that these two gels were not significantly different in terms of the efficacy for enamel erosion after the mentioned application periods. Thus, the application of domestically manufactured 18% HCl for 75 seconds is a suitable alternative to the application of 15% HCl in the resin infiltration technique.
Esthetic treatment of discolored teeth is among the most common reasons of dental visits. (1) (2) (3) The final goal of treatment of tooth discoloration is to yield an acceptable esthetic result by using a conservative method. (11) Enamel microabrasion is the most commonly used and the most conservative technique for treatment of tooth discoloration due to fluorosis, hypoplasia, hypocalcification, and post-orthodontic decalcifications. (19, 20) This method was first used for removal of discoloration caused by fluorosis. This method is much more conservative than the use of composite veneers and ceramics. (5) Mechanical and chemical techniques are combined in enamel microabrasion. An abrasive acidic substance in the form of a thick paste is applied to the buccal surface of the discolored tooth. The removal of a thin layer of enamel by the dissolution of minerals is known as enamel erosion. Since it is sometimes necessary to place this paste on the tooth surface several times to completely remove the color change, It is not known for how many times this process can be repeated before causing dentin exposure, and no consensus has been reached in this regard. Many clinicians do not feel comfortable using this technique. (11) On the other hand, after microabrasion, the tooth surface is polished and left uncovered without applying any other substance; this can result in the development of WSLs which give an opaque appearance to the tooth. (7) Many studies have evaluated the efficacy of the resin infiltration technique for ceasing incipient caries. (21) (22) (23) (24) In this technique, a resin infiltrant with a high penetration capacity and a low viscosity is applied, which penetrates into the areas etched with 15% HCl. (13) One advantage of this technique is that the resin penetrates into enamel microporosities and fills them; consequently, the enamel surface would no longer have the chalky white appearance, and it resembles sound enamel. Thus, based on the literature, this technique can improve the appearance of WSLs on buccal surfaces. (10, 11, (14) (15) It is still a matter of debate that whether or not large lesions are infiltrated completely. (21, 23, 25) Several factors can influence this matter, such as surface porosity, the porosity of the body of the lesion, dryness of the lesion, and capillary forces. (25) Munoz et al and Kim et al showed that the resin infiltration technique was efficient for mildly and moderately fluorosed teeth as well as for tooth discolorations due to enamel hypoplasia. (11, 15) The current study was the first to use sound teeth for the measurement of the enamel erosion caused by acids. Due to the higher concentration of the domestically made acid, the enamel erosion caused by this acid was greater than that in 15% HCl groups. Also, the mean and SD of the depth of the enamel erosion caused by 15% HCl applied for 120 seconds in our study was less than that reported by Paris et al (33.65±7.94µm in our study versus 58±37µm in the study by Paris et al). (24) The greater depth of erosion due to the application of 15% HCl for 120 seconds in the study by Paris et al may be due to the use of carious teeth since they were already demineralized and had less mineral content. (24) In the study by Paris et al in 2007, the penetration depth of an adhesive was measured to assess the depth of erosion caused by acids. (9) However, this method decreases the accuracy of measurement because the penetration depth of resin is influenced by factors such as the penetration ability of resin. In our study, the depth of erosion caused by the acidic gels was measured directly without the application of an adhesive, which is more accurate, since in this method, the measurement of the erosion depth is not affected by resin properties.
The methodology of our study was somehow similar to that of the study by Paris et al in 2007. (9) The only difference was that we used sound teeth, while they used carious teeth. Moreover, instead of confocal microscopy, we used SEM which can more accurately show the pattern of etching. In our study, the erosion depth in 15% HCl groups had a significantly higher predictability and a limited distribution; 18% HCl yielded a more irregular etching pattern compared to 15% HCl. The composition of acid, the additives, and the pH may also play a role in this regard; thus, future studies are required in this respect. The results showed that for the treatment of discolorations of labial surfaces of anterior teeth by using the resin infiltration technique, 18% HCl for 75 seconds may be used instead of 15% HCl for 120 seconds. Consequently, the cost of treatment, which is the main factor limiting the application of this technique and negatively affecting the patient's acceptance, is reduced. The use of 18% HCl for 75 seconds is cost effective and timesaving. A shorter application time results in an easier handling while decreasing the risk of chemical burn of oral mucosa caused by acid. Comparing the effect of resins other than an infiltrant resin with that of the domestically made 18% HCl is recommended in future studies.
Conclusions:
The results of this experimental study revealed that the application of 18% HCl for 75 seconds has the same effects as the application of 15% HCl for 120 seconds. Therefore, the use of 18% HCl for 75 seconds can be a good alternative to the use of 15% HCl in the resin infiltration technique.
